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appearing earlier in this work.

HRW material copyrighted under notic




¢ oce  delocaliged

| "'\k'-'& do M\'u‘"’ @ QMB ‘l "e\.‘hm



Sreomqbn of ciwz,f deperds o (paned v Hofvalonce € 14
Vo

s s Ch e

. Bors S#umgﬂ\ praansned by o

Uk Ly Yo vaporize & Wik of, Hhat
L’%u‘ “\lS - c\,\w\ﬁe, t w() vadence &

sew  oxplama ‘N:gk eondluchiuihy € camy chasy
v heak wrdarchin e'ww“‘/;df‘cmr‘y ty et

-

€

Lok 11 Dokl
lle? L~ E/E) e hondy ane not @t ity

Wy Com sl p b e omsthan /e
praaluy bonds

gl O 13



CO[UmM \Qr Ufﬁﬁ Tack G -

B
mo[e(, FJ)Q ?““9“27“"‘“ 3l EM& Sﬂ Zaeus ~fee -

oh (O k o

o

‘L_G-



L5 Hrepronsr o mstecdon - Compouny 1S
Proponksr of conporndo  olapord o 2 gy
‘)W\ﬁ -3 JOENLE . (@M‘ ahc
s Rl 2 odofly whuh ot Bt

| VSETR - valomce skl e pot repudiuo-

L ’}UDW\D.)H:)KG Cow\?e,wwh baped N |
regullons — Bondvamgle Hromashoss ! low@ ! NG

poccibla (w0 b cponk 0r pess: ble)

e\{(\‘(cs ot e

- :YV\CGW\?W bu{ A (J\,%N\ﬁ

H, Cw3 — H 'H , H-H hireay CHJ)

f""m
° VWD
My NTTAL <% b ] 3 Chbundse
Typee!
- C gt F O lonee g% ¢ oo livead
Reka \;g— \': - 2 5
- F e .
';_;"Q/’
el
re,,{w&ﬂb‘\
", _l_
e BT o My 4wl
s /@\,\? ’P\ﬂemwt

[0



| —— A
: e " . fehidng
, . . &
iy wCH 0 Ay JEFN
~ LPC'\" ‘ .
? gl
[l & 0@ hmyfi:fe
AT ASSE Py
NHg BN | ' |
o M) Gk
i, R YA
HLU ’ O ? lblf';
2 .
o wad Molo 6-1 dwhuww) /“/"“"wﬁ”"
ot 42 ifvn
,// Ltawbut Jo Hof bodn ansind ‘
wieh Hpe,ot povd  dleo
HoN
H~z-iC?—'N' 2 D == dueet
,‘ b u-j’ KC\
| - an
/é\ 3 0 o dromulen PAR
LA W
_;K c! (7 Al
. \ [ Lqona Tyl e v
?(-'\3/ U \P'(_U qu T ) j&y '
o ¢
- v
i ' w
g ¢ A M) @L‘\A\“QM 10
b Ay Kb
v



Hy bndizakie » 17

VSEWL “Tce,\lexﬁ? o Y'-%\(A.A’tof\;“nip ))-quhjaame}/jofmlﬁuféazd
e bado Mcu{)@ bj bM\AMj v .

L bt Thesey accoumds foe Hhe
Heyberd 1 bakest = orbubds equall onongy prodisced by He Combunatee
o, Lot mou orbuol ofth Lowe afom
Horhilels prodiesd = H o ocbfal wed

[s 1+ 3 P mazkg L/s*f)g hdbfidﬂ
L snonded febrahedanly

fxplaw I\JI'&T,’DH boujwja'w“‘w :
CO\W amw Mbﬂtf ,6 GhQZorLJal P~

Lt Z Q(Lv{'o} 3,?'2



Geometry

T_ I— — T T T T L, o) ! 2
—_—— .
2p i B
sp3
oA
25 hybridization S, P, P ” ;
—>
T N
1s -
Figure 6-18
S P, P, P e 4
tetrahedral
Table 6-5

HRW material copyrighted under notice appearing earlier in this work.



Hvbridization

showing orbitals

sp” hybridization in ethene

sp hybridization in ethyne



(@) Methane (C|'i4) (b) Ammonia ( | NHs) (c) Water (H,0)

HRW material copyrighted under notice appearing earlier in this work.



!’ijj)(lflﬁva/{'wi-: — Alcoant § 6" ?/onuo“»:) 4 wmu L‘f(’"‘-"j fl"J 7LL('
01"LLL\Q>

e
w hak Lales tece = s Fmbvl—o—-a {-gu.e i diilie I\J bad erbbls
g Gf’LLLo.Q {'g‘? d.r‘:u"ﬂ-ﬂ) -~ hvﬁ)l{ ygrg cr},‘(_,.ﬂJ
g P p—
— 7 IPI 1045
4 1 0 sty
o
é,lnaﬂ Yy divet ts'm
s =
e O 1
<
S\Or‘nul‘l"zf - B
A AP
S? 3 !
— A
R
) Q)\LO'
S L \D Jhle
b(;w\)"")
¢ s Qo(\\;\;'o\"f_ -



r:? ]\lertcl;).J-a Is , lp~ as?

o .3 #‘f'ft lm-r)u«'j
— : )
2 b

F LR il S e) Yl‘:\u.lﬂt T "H“J.f

Sp \ AR

g- fgo”  Nap wle O berds
Chaw over howd s ‘7( ?"”'"“}“:"’
r‘



9.6 Multiple Bonds

In the covalent bonds that we have considered thus far, the electron density is
concentrated symmetrically about the line connecting the nuclei (the infernuclear
axis). In other words, the line | joining the two nuclei passes through the middle
of the overlap region. These bonds are all called sigma (o) bonds. The overlap
of two s orbitals as in H, [Figure 9.11(a)], the overlap of an s and a p orbital as in
HCI [Figure 9.11(b)], the overlap between two p orbitals as in Cl, [Figure 9.11(c)},
and the overlap of a p orbital with an sp hvbrid orbital as in BeF, (Figure 9.14) are
all examples of o bonds.
To describe multiple bonding, we must consider a second kind of bond that re-
sults from the overlap between two p orbitals oriented perpendicularly to the inter-
quclear axis (Figure 9.19 ). This sideways overlap of p orbitals produces a pi ()
bond A 7 bond is a covalent bond in which the overlap regions lie above and below
the internuclear axis. Unlike a o bond, in a 77 bond there is no probability of find-
ing the electron on the internuclear axis. Because the total overlap in the 7 bonds
tends to be less than that in a o bond, 7 bonds are generally weaker than ¢ bonds.
In almost all cases, single bonds are o bonds. A double bond consists of one o
pond and one 7 bond, and a triple bond consists of one & bond and two 7 bonds:

H H
M rd
H—H == N=N:
‘. /C/_ C\ N : N
\ H H \

7 |

One o bond plus
one 7 bond

One o bond One o bond plus

two 7 bonds

To see how these ideas are used, consider ethylene, C,H,, which possesses a
C—C double bond. The bond angles in ethylene are all approximately 120° (Fig-
ure 9.20 ), suggesting that each carbon atom uses sp® hybrid orbitals (Figure
9.15) to form o bonds with the other carbon and with two hydrogens. Because
carbon has four valence electrons, after sp* hybridization one electron remains in
the unhybridized 2p orbital:

1 1 Promote 1 1 1 :l Hybridize 1 1 1 1
2s 2p 2s 2p sp? 2p

The unhybridized 2p orbital is directed perpendicular to the plane that contains
the three sp* hybrid orbitals.

Each sp® hybrid orbital on a carbon atom contains one electron. Figure 9.21 ¥
shows how the four C—H ¢ bonds are formed by overlap of sp* hybrid orbitals
on C with the 1s orbitals on each H atom. We use eight electrons to form these
four electron-pair bonds. The C—C o bond is formed by the overlap of two sp*
hybrid orbitals, one on each carbon atom, and requires two more electrons. The
C,H, molecule has a total of 12 valence electrons, 10 of which form the one
C—C and the four C—H o bonds.

The remaining two valence electrons reside in the unhybridized 2p orbitals,
one electron on each of the carbon atoms. These 2p orbitals can overlap with one
another in a sideways fashion, as shown in Figure 9.22 p. The resultant electron
density is concentrated above and below the C—C bond axis; this is therefore a
7 bond (Figure 9.19). Thus, the C=C double bond in ethylene consists of one o
bond and one 7 bond.

Although we cannot experimentally observe a 7 bond directly (all we can ob-
serve are the positions of the atoms), the structure of ethylene provides strong
support for its presence. First, the C—C bond length in ethylene (1.34 A) is much
shorter than that in compounds with C—C single bonds (1.54 A), consistent with

H HQV\_J 3 )j‘

7 bond

Internuclear
axis

Py

A Figure 9.19 Formation of
a m bond by overlap of two p
orbitals. The two regions of
overfap constitute one 7 bond

¥ Figure 9.20
The molecular geometry of
ethylene, C;H,.

{ Figure 9.21
Hybridization of carbon orbitals
in ethylene. The o bonding
framewaork is formed from sp*
hybrid orbitals on the carbon
atoms. The unhybridized 2p
orbitals on the C atoms can be
used to make a 7 bond
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P Figure 9.22 The = bond

in ethylene is formed by overlap o v

of the unhybridized 2p orbitals R
on each C atom. The electron ot U’F"H \ e
density in the 7 bond is above "_*“"““‘C =

and below the bond axis, H” " H/ \ H
whereas in the o bonds, the % _H Two lobes of

electron density lies on the one = bond

bond axes. The two lobes

constitute one 7 bond.
the presence of a stronger C=C double bond. Second, all six atoms in C,H, lie in
the same plane. Only when the two CH, fragments lie in the same plane can the
2p orbitals that comprise the  bond achieve a good overlap. If the 77 bond were
not present, there would be no reason to expect the two CH, fragments of et}.
ylene to lie in the same plane. Because 7 bonds require that portions of a mole-
cule be planar, they can introduce rigidity into molecules.

Triple bonds can also be explained by using hybrid orbitals. Consider acetyleng,
C,H,, a linear molecule containing a triple bond: H—C=C—H. The linear geom-
etry suggests that each carbon atom uses sp hybrid orbitals to form o bonds with
the other carbon and one hydrogen. Each carbon atom then has two remainin
unhybridized 2p orbitals at right angles to each other and to the axis of the sp
hybrid set (Figure 9.23 ¥). These p orbitals overlap to form a pair of 7 bonds.
Thus, the triple bond in acetylene consists of one o bond and two 7 bonds.

Although it is possible to make 7 bonds from d orbitals, the only 7 bond
that we will consider is that formed by the overlap of p orbitals. This 7 bond
can form only if unhybridized p orbitals are present on the bonded atoms. There-
fore, only atoms having sp or sp hybridization can be involved in such 7 bond-
ing. Further, double and triple bonds (and hence 7 bonds) are more common in
molecules with small atoms, especially C, N, and O. Larger atoms, such as S, P,
and Si, form 7 bonds less readily.

SAMPLE EXERCISE 9.6
Formaldehyde has the following Lewis structure:

H

H

Describe the bonding in formaldehyde in terms of appropriate hybridized and unhy-
bridized orbitals.

Solution Using the VSEPR model, we would predict the bond angles ﬂlOLlr‘.d C
to be about 120° (trigonal planar geometry). This geometry suggests c.,u hybrid
orbitals on C (Table 9.4). These hybrids are used to make the two C—H and one
C—C o bonds to C. There remains an unhybridized 2p orbital on carbon, perpendic-
ular to the plane of the three sp* hybrids.

- Figure 9.23  Formation of two 7 bonds in
acetylene, C;H,, from the overlap of two sets of
unhybridized carbon 2p orbitals.
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